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By
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ABSTRACT

This report presents the results of calculations of the thermal radiation
from the lunar surface incident onto a flat surface of unit area located a small
distance above the moon. The orientation and height of the flat surface vary.
The thermal radiation from the moon's surface is assumed to be non-diffuse.

The calculations show that the thermal energy flux incident onto the flat
surface can differ significantly for a lunar surface that emits radiation in a
non -diffuse manner when compared to a lunar surface that emits in a diffuse
manner.
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CALCULATIONS OF NON-DIFFUSE INFRARED RADIATION
FROM THE LUNAR SURFACE INCIDENT ONTO
A UNIT ELEMENT ABOVE THE SURFACE

SUMMARY

The amount of infrared energy flux incident onto one side of a flat surface
element of unit area located above the lunar surface has been computed. The
orientation and height of the flat surface with respect to the moon's surface vary.
The infrared emission from the lunar surface is not diffuse, but rather is
emitted in a non-diffuse manner in accordance with a mathematical equation
developed by Ashby.

The results of the calculations show that for non-diffuse infrared emis-
sion, contrary to diffuse emission, the orientation of the surface receiving the
radiation and the sun position are important.

INTRODUCTION

Interest in the directional characteristics or non-diffuseness of the
moon's surface infrared radiation has existed in this laboratory for several
years; because of this, and to support the in-house studies, several contracts
have been sponsored with outside research organizations. In one of these
contracts, an empirical expression was developed by Ashby for predicting the
infrared radiation emitted by the lunar surface.

In the work presented here, a sunlit area on the surface of the moon
has been assumed to emit non-diffuse infrared radiation, in accordance with
the Ashby expression; and the amount of this radiation incident onto one
side of a flat surface element of unit area located above the moon has been
calculated. The orientation and height of the element with respect to the
moon's surface vary.




PURPOSE AND REVIEW OF WORK

This research program in directional infrared radiation is an attempt to
partially fulfill the goal of explaining and defining the lunar thermal environ-
ment. One part of the directional radiation program is to develop a theoretical
model with which one can accurately reproduce the existing experimental data
and that is consistent with current knowledge of the physical structure of the
moon's surface. Such a model should reveal important information about the
physical features of the surface. Another part of the program is to present
information about the directional aspects in a form useful to those solving
problems in thermal experiments and thermal studies of the moon's surface.

- This report represents an effort to partially fulfill this last part. Calculations
have been performed incorporating these directional effects; the results are
graphically presented as infrared energy leaving the lunar surface and striking
a unit area a small distance away.

To support the in-house work, a number of contracts have been sponsored
with outside research organizations. In 1965 a contract with Brown Engineering
Co. led to an arrangement whereby one member of the Brown research staff
spent 6 months at the Boeing Scientific Research Laboratories working closely
with Saari and Shorthill. These two investigators have obtained an extensive
amount of data over the past 5 years on the infrared emission from the moon
[1]. Their measurements have been in the 10-12 u region of the spectrum.

The purpose of the work between Brown and Boeing was to obtain from existing
data a new set of measurements relating to the directional characteristics of
lunar infrared emission. The effort consisted mainly of a reduction of many
data points from 19 separate phases. The data were then presented graphically
[2] in the form of brightness temperatures for various lunar locations and
phases. A typical graph is shown in Figure 1.

Using the experimental results from the foregoing work and working
under the sponsorship of Space Sciences Laboratory, Ashby and Burkhard have
developed an expression for predicting the infrared emission that takes into
account the directional behavior of the radiation [3]; comparisons with experi-
mental data show it to be reasonably accurate. The chief drawback of the
formula is that it has an empirical rather than a theoretical derivation and,
therefore, does not give any information about the physical characteristics of
the lunar surface.




When the work was first begun, the only experimental infrared data that
had been examined (to the author's knowledge) for any directional characteristics
were those of Pettit and Nicholson [ 4] and Sinton [ 5], and these data showed
only a slight deviation from a Lambertian surface emission. It has been known
for some time that sunlight is reflected by the moon's surface in a strongly
directional manner. Although this is in a different part of the spectrum from
the infrared, it did help to stimulate an initial interest in taking a closer look
at the directional aspects of the infrared emission. The Pettit, Nicholson, and
Sinton data and the photometric data were the basis for the speculation that the
emission might be directional to a significant degree and deserved further
investigation.

The lunar landing of Surveyor I in 1966 led to the conclusion that a
pronounced directional emission did exist. The explanation of the temperature
values recorded on the faces of the two instrument compartments of Surveyors
I and I [ 6, 7] required this directionality, and subsequent investigations of
earth -based measurements by Saari and Shorthill [8] reaffirmed this.

Some of the Saari and Shorthill data showing the directional aspects are
presented in Figure 2. Measured results from earth-based telescopes are
compared with calculated results using the previously mentioned Ashby expres-
sion. For each elevation angle of the sun, the brightness temperature is shown
(for a diffuse surface the brightness temperature is a single point and is shown
as an open circle). By comparing the diffuse value with the non-diffuse points,
the degree of directionality can be ascertained. Notice that the radiation exhibits
the greatest non-diffuseness, i.e., directionality for small sun elevation angles,
Another point to notice is that the largest temperature values occur, for each
sun elevation angle, when the surface is viewed from the sun direction: that is
when an observer views the surface with the sun behind him. This means that
a greater part of the infrared radiation is emitted toward the source, i.e., the
sun, than in any other direction. Such behavior may be referred to as back-
emitted, a term analogous to backscatter for the reflected sunlight from the
moon that is reflected or scattered more toward the source than in any other
direction.

Gross surface roughness has been suggested as the reason for the back-
emitted directional radiation. This thought was put forth by Pettit and Nicholson
to explain their measurements of non-diffuse radiation, and still appears to be
the most satisfactory explanation. The surface, if assumed to consist of peaks
and valleys (or of numerous craters and rocks), will receive sunlight mainly on
the side facing the sun. The other side will be in the shadow and will, therefore,




be at a much lower temperature. This condition will exist to the greatest
degree when the sun is near the horizon, and to the least degree (or not at all)
when the sun is straight overhead.

The earth -based measurements were made with telescopes that have
resolutions of the order of 8 - 10 seconds of arc. At the lunar distance, this
means that the measurements average the radiation (at the moon's center)
over a circular region of approximately 14 - 18 km in diameter. Whether the
measurements would reveal this same directional characteristic over a much
smaller region, say on the order of a few meters, is an unanswered question.
The surface would probably be more diffuse. The reason given earlier — gross
surface roughness — would not suffice to explain any directional behavior
.observed on this scale.

THERMAL EMISSION PER UNIT SOLID ANGLE

The emission of infrared energy from a local area on the moon in a
given direction can be computed from Lambert's equation, I(€) = Ijcose, if
the emission is assumed to be diffuse. However, if the emission is non-diffuse,
as recent data indicate [7], the infrared emission from a local area on the
moon in a given direction can be more accurately determined from the following
expression, which was developed under a NASA contract [3].

. _ aqcosi + ascosal az .
Ii, €, @) = o + - [(7 - |a]) cos || +sin |a]]
1 + ay ;
cosi (1)
where:
i2 + €? - 2ie cos(p, - ¢ )
1 T i €
a = -2-
2 .22
T 4i‘e .
el + -_ —_
2 ) 2ie cos( d)i ¢€)
Io(i, €, @) = Infrared radiance in watts/ m? - steradian




a; = 335.417
a, = 97.626
ag = 51.603
ay = 84.377

(All of the a's are empirically determined using the Saari
and Shorthill data of references 1 and 2, and have units of
watts/m? - steradian.)

i, €, ¢>i, o} o @ s Angles defined in Figure 3.
This expression holds true only for a sunlit surface; therefore, it is not useful
during the lunar night or for lunar areas that are completely in shadow. From
equation (1) the infrared energy is
I(i,e, ) = Ij(1i, €, @) cos e (2)
The brightness temperature of a local lunar area when observed from

different directions and for different sun elevation angles can be obtained from
equation (1) as follows:

1
T = Tl i, e, @) |*?
B o (3)
where:
o = Stefan-Boltzmann constant (5.673 x 10~ watts/m? - °K4)

The brightness temperatures as obtained from equation (3) for two sun elevation
angles are shown in Figure 4.

TOTAL THERMAL EMISSION

If the infrared emission in the direction of dA, from many local areas,
such as dA; (Fig. 3), is summed over a local lunar surface area A, the energy
incident onto dA, can be determined. The energy from dA, to dA, is found by
using equation (4) below. The angles € and # are required to compensate for




the skewness of the surfaces with respect to each other, while the term r? repre-
sents the attenuation of the energy in accordance with the inverse square law.

(4)

dE = Ig( i, e, oz)2 cose cos dA, dA,
r

where:
dE is the energy flux from dA, to dA, in watts

The lunar area A, is taken as flat and circular with a radius R. Summing
over A, and assuming dA, to be unity gives

I,(i, €, @) cose cos@ (5)
E= [ 2 dA,
Ay

where:
E is the energy flux from A, to dA, in watts/m?

Formulating r and dA, in terms of the fundamental angles gives

dA h®tan e sec’ed ¢ d e (6)
1

h sec € (7)

r
Substituting equations (6) and (7) back into equation (5) gives
tan-' Rfh 2r

E = fo fo Iy (i, €, @) cos@sined ¢pde (8)

The angle 6 can be obtained for any orientation of dA, and in terms of e, v,
and ¢ by

9 = cos-1 [cose cosy - sine cos(180 - ¢) siny], 6 < 7/2

(9)
9 = m/2 , 0=T7/2




Because of the limits of integration, the integration over ¢ is done in four
parts — one part for each quadrant of A;. Finally,

tan_i R/H ¢>‘,< b

E=~fo' j; Ip(i,€e, @) cosd sined ¢ de
tan-1R/h 7 - 0%
+f f Ip(i, €, @) cosf sined ¢pde
0 /2

tan-! R/h  37/2

+f Iy(i, €, @) cosfsined ¢pde
0 T+ ¥
tan-!R/h 27
+f f Iy (i, €, @) cos@ sined ¢ de
0 37T/2 + (rb** &
(10)
The values for ¢* , ¢* * , and ¢* * * depend on the orientation of dA,. The
values and corresponding orientations are as follows:
o* = 0 s vy<T/2, 0<e=|y-90|
¥ = cos-tBBLY =901 ) <19 |y -90/< e<tan-'R/R
¢ cos ( P sy =w/2, |y < e< /
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¢>{<‘:‘ — 71'/2 : ,ysﬂ./z
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¢ = cos ( tan < s Yy>T/2, |y -90|< €
$** = 0  oy>T/2, |y - 90l =€
¢* sk =0 : ')/5 71'/2
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) = sin ( v ;o ¥Y>T/2, |y I<e< /
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RESULTS OF COMPUTATIONS

Equation (10) has been integrated numerically. Figure 3 provides an
explanation of the angles involved in the integration, and Figure 5 is helpful in
understanding the results. Figures 6 - 17 present the results of the computa-
tions using equation (10). Shown on each figure is the infrared energy flux
from an area A, of the lunar surface (assumed to have an infrared emittance
of unity) incident onto one side only of the element A, for different sun eleva-
tions. Each curve represents a different tilt angle y for A,. Each group of
figures (four to a group) represents a single azimuthal orientation ¢ ,, of
the element. When ¢ 5 is 180°, the element faces west. These curves are
intended to have usefulness primarily for purposes of thermal design.

It is instructive to delineate as plainly as possible the directional aspects.
One way of doing this is by comparing a diffuse and non-diffuse case for one
orientation of the element, as is done in Figure 13. As in the previous figures,
energy is plotted against sun position. A better way of showing the directional
characteristics is by normalizing the energy values in Figures 6 - 12 about the
maximum value (the curve for R/h = 1000, v = 0) for each azimuthal
orientation, ¢ 5, of the element. This normalized result or view factor is
more useful for performing thermal radiation calculations. Figures 14 - 20
show the view factor presented as in the previous graphs. The difference in
the figures, as before for the energy curves, is the azimuthal orientation of
the element and the ratio of size of the lunar surface to the height above the
surface of the element. Figure 14 is typical of the other figures and will be
used to point out some of the significant points. In Figure 14 the element
always points west, i.e., ¢ = 180°. As the sun moves from the sunrise to
sunset position, the directional aspects of the radiation can be plainly seen on
comparison with the diffuse value, which is shown as a single point (although
it could be shown as a horizontal line through this point) . Notice particularly
the general shape of the curves, how the energy striking the element is greatest
near sunrise, i.e., when the sun elevation angle is small and decreases as the
sun moves from this position through lunar noon, finally having the smallest
view factor when the sun is near sunset and facing the element. For an element
facing east (¢ 5 = 0°), the shape of the curve is exactly reversed, i.e., the
smallest view factor occurs at sunrise and the greatest occurs at sunset. The
other figures are for elements facing in other directions. Notice the element
facing north (¢, = 90), Figure 20. The curves are almost flat, meaning that
almost no changes in the surface radiation occur for changing sun angle when
the lunar surface is observed from such a direction. This is somewhat evident



from Figure 4 where the shape of the model indicates the distribution of the
energy. Notice that the radiation is asymmetrically in the plane containing

the surface normal and the east-west axis (the plane containing the sun vector)
and symmetrical in the plane containing the surface normal and the north-south
axis,

The curves shown in Figures 14 - 20 are for an element confined to one
quadrant of the azimuthal plane, i.e., ¢, = 90° -180°. For elements facing
directions other than this, symmetrical considerations depicted in Figure 4 can
be used to get the view factor from the values shown here. For example, the
view factor values are the same for ¢4 =225° as for ¢, =135°. Figure 4
aids in understanding why this is so since the figure shows that the brightness
temperature or energy in these two directions is the same. For ¢, = 45°, the
values are the same as for ¢, = 135°, but the abscissa on the graph must be
reversed, i.e., the scale should begin with 180° and end with 0°. When this is
done, the view factor values that were at 30° sun elevation (for example) will
appear instead at 150° sun elevation. This reversing scheme must always be used
when the element faces between ¢4 = 0° - 90° or 270° - 360°.

The curves clearly show the effects of the back-emitted radiation since
the largest view factor occurs when the element faces away from the sun.

This variation of energy with element position can be shown in another
way by having the element rotate about an axis vertical to the moon's surface
(i.e., rotation in the azimuthal plane) while the sun's position is fixed. This is
shown in Figure 21. The element itself is vertical to the surface (y = 90°)
and the diffuse values are again shown as a single point. Notice that the radia-
tion shows no change when the sun is straight overhead (w = 90°). This is
because the radiation is symmetrical with respect to the azimuthal plane. This
trend toward symmetry in the azimuthal plane as the sun approaches lunar noon
can be observed in Figures 2 and 4. Infrared measurements of the full moon,
such as those of Pettit and Nicholson, are for this condition; and directional
aspects when viewed from earth are at a minimum.

FINAL REMARKS

One method for taking the directional aspects of the lunar surface infra-
red radiation into account in numerical calculations has been shown. The
results presented here have shown that calculations based on diffuse radiation
may be as much as 80 W/m? (16 percent of total) at variance with calculations




based on non-diffuse radiation ( Fig. 13). Orientation of the surface receiving
the radiation and sun position are also important. For a sun elevation angle of
30°, the radiation striking a surface which is oriented vertically to the lunar
surface may vary as much as 120 W/m? (33 percent of total) as the surface is
rotated 180° about a vertical axis (Fig. 21).

George C. Marshall Space Flight Center
National Aeronautics and Space Administration

10

Huntsville, Alabama, December 22, 1967
129-04-02-00-62

REFERENCES

Saari, J. M., and Shorthill, R. W.: Isothermal and Isophotic Atlas of
the Moon, NASA CR-855, September 1967.

Montgomery, C. G.; Saari, J. M.; Shorthill, R. W.; and Six, N. F., Jr.:
Directional Characteristics of Lunar Thermal Emission. Brown
Engineering Company, Inc., Technical Note R-213; Also Published as
Boeing Document D1-83-0568, November 1966.

Ashby, Neil, and Burkhard, D. G.: Study of Radiative Aspects of
Lunar Materials. Final Report on Contract NAS8-20385, Covering
Period April 26, 1966 to January 26, 1967. P. E, C. Research
Associates, Inc.

Pettit, Edison, and Nicholson, Seth B.: Lunar Radiation and Tempera-
tures. Astrophys. J., vol. 71, 1930, p. 102.

Sinton, W. M.: "Temperatures on the Lunar Surface,'" Physics and
Astronomy of the Moon, ed. Z. Kopal. Academic Press, 1962, p. 411.

Lucas, J. W., etal.: "Lunar Surface Thermal Characteristics."
Chapter IV, Surveyor I Mission Report, Part II: Scientific Data and
Results. Technical Report No. 32-1023, Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, Calif., 1966. Also
published in J. Geo. Res., vol. 72, no. 2, pp. 779-789, January 15,
1967.




Lucas, J. W., et al.: "Lunar Surface Temperatures and Thermal
Characteristics, " Surveyor III Mission Report, Part II: Scientific
Results. Technical Report 32-1177, Jet Propulsion Laboratory,

California Institute of Technology, Pasadena, Calif., June 1, 1967.

Saari, J. M., and Shorthill, R. W.: "Review of Lunar Infrared
Observations, " vol. 13, Physics of the Moon, ed. S. Fred Singer,

AAS Science and Technology Series, 1967.

11



SNOLLVOOT 94VNNT SNOIYVA ANV
ASVHA ATONIS V 404 FUNLVIIAWAL SSANLHOIYE UVNAT "7 TdNOIA

iGT 62~ 918uy aseud Joj \GT .62 9SBYJ & opnjIduoT [RWILYL
p1an 9jeuIproo) Tewaayl, (q) snsIap aanjeradwa], ssouiydrag ()

$334930 - 3GNLIINOT TWW¥IHL
08L- 0Sl- 021- 06~ 09- O€F- 0 0€ 09 06 02l 0sL 081

o8l
002
022
e
= 092
-0l
1 082
00¢
o2 o002 ozt
o0F ove
\\k@\l}l}l
20t 09¢
2
o058] oac
o9
o0l
m eowﬁ T ooy
VIdvH + = J0NL1LVT TYWY3HL
GNYIdn @ | | ozb

151062~ = 3ISYHd

No - JWNIVY3dWIL SSINLHOIHE

12




(*9o®JINS JBUN] Y} 0} [BULIOU SY) PUB JI0JO9A UNS O}
Sururejuoo auerd 9y} Ul puB SSLIUNS JO UOIODIIP 9Y) UI
90BJINS JBUN] 9Y) WIOJ] PAINSBOW a1k SoJSur UOIIBAd® 9Y]J,)

NS JHL 40 SHTONV NOILLVAATH TVHHIAAS YO4d NOILVAYISIO A0

HTONV HHL JO NOILONAJA V SV JHNLVIAJdWHLL SSANILHODIYI UVNAT ‘¢ A¥NHI1A
H3AN3SE0 40 ITONVY NOILIVAI3
(o]:]] (0]+]] o2l 06 09 0] 0
K NOISS3¥dX3 ABHSY ——
ViVA T1TIHLNOHS B I¥VVS w
viva NOiNIS +—002 @
u/-z/:mno“oz« NOILVA3I3 INTVA 3513410 © m
o0 X
k z
_ 062 m
D a
/ |.
f m
00g =
oO0€ O
o
009 /l\ %
“°
x

0]0) 4

ost

13




+Z

‘//
/////////////”

180°

LUNAR SURFACE -A,

(a) Angles Involved in Integration of Equation (10)

OBSERVER
SUN
-  — a
— e, .
€ 1
¢
o ¢i
¢ =180 ¢ =0°
LUNAR SURFACE
¢ = 270°

(b) Angles Used in Equation (1)

FIGURE 3. ANGLES INVOLVED IN DISCUSSION AND CALCULATIONS



(seanjeaadwa) 9y} JO opnjIudewW 9y} S93BOIpUl
sTopow 8y} Jo 9z1s 9YL) TVINHON ADVJIUNS THL WOHI ATUNSVIAN
.09 ANV .06 A0 SHTONV NNS HOA SHINLVIAAINIAL SSANLHODIYG ‘¥ dUYNDIA

(R0 =1 )RC0E =107 (d ) (.08 =1) .09 =™ (®)

(609=1) Qg =M | (60€=1) 09 =M

15



SITNSAY TVNIA A0 SNOILVINOTVD NI AdSN SATONV 'S HUNDIA

00L¢

v — 30V44NS HVYNNT

At mV/

0=¢—TL7 & 2081= ¢

NOILVAIT3 NNS -m 35 s 2

.

NNS

VAR
N

16



ENERGY (watts/m?)

1300 T reavese: "_“ 1300 §§§§ saausasy gﬁ:, :'.:;o
1200 FHETH o T 1200 o
i
1100 i Hwo
1000 1000
900 FHH 900
800 1 800
g
700 § 700
600 g & i
] ot
500 & %00
400 400 H
i ool
00 HRe
200 200pH
1
100 J : 100 [
o H'""" !;5””! lllllllllllllllllllllll a 1 o L D aans T
) 30 50 70 90 W 130 150 170 10 30 50 70 90 1) 130 150 170
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES
o — .
(a) ¢=180°, R/h =1000 (b) ¢o=180°, R/h = 10
noo TORIOT baas 4 180
' 1 L 700 TRTETS —
Rpo2 1T .
1000 A e 100
900 600
800
500
_. 700 -
E “%
~ ~
2 600 2400
] %
5 500 1 ;
5 H 1) lESOO
£ 400l z
300} 200 HH]
200
100
100
e
H JHHHHR T tHH
o 1T 14600 RARRRRSTINSNRIANALE It [+] EEEtEE
10 30 80 90 0 130 150 170 © £ S0 70 90 Ww 30 180 70
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES
(¢) ¢o=180°, R/h = 2 (d) ¢,=180°, R/h = 1

FIGURE 6. ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dA,)
VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

17




$2 ~6
R/n_+1000

ENERGY (wetts/nd) s @
SR EEREREERE

200 f
’ M

TR 138 T N

1100 : .
‘4 " LT

i Re o2
1000 T 42 N1 E20% PO
\ Lotk H
[ O H e '}’T"r
ST9091 TRRIRAASE IEROM LATRRDOAS:
w0 G

i VR

NP

800 TN

. N
700 |-

o s L e .
0 30 50 T 90 Ho 130 B8O ro

SUN ELEVATION-DEGREES

(c) ¢5=165°, R/h=2

1300

ENERGY (watts/m?)
-~
8

200

[+ sae gy 1 st

-0 30 50 T 90 1o 130 50
SUN ELEVATION-DEGREES

(b) ¢o=165°, R/h =10

700 —-

500 -

400

ENERGY (watta/m?)

300

10 30 80 70 90 o 3o
SUN ELEVATION-DEGREES

(d) ¢,=165°, R/h=1

FIGURE 7. ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dA,)
VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

18



1200 |-

1100

1000 |-
900 |-

T TITTIT T
it IRHEH I
E3 =
LX-] c ¥ H
LN 84 L, {4 » g
s 2 5
e aET A T
fo i3 )
= - oase
=3
=33 H Z3; ¥
=i oss, .
2 =
I--A * ol
1 - ==
=y =3
if H
== 7 <]
=i =3
X X e
B e ey 3 =3
= =R R T =9
e tTh G 3 3335 3
N - ) mpm ~
NN R pEsg: 358
NN it
hiRE =t
N 2
1 =
234 7 S :
1
R sy s s s e I i
£
b 8 D &4 s
s chetseaateh, m
12234 it i

,
!
g8 8§ ¢

2W/%0m) ASYINI

ggec°

wo

SUN ELEVATION-DEGREES

50

SUN ELEVATION— DEGREES
(a) ¢ =150°, R/R = 1000

170

30

30

90

70

30

0

0 90 1o

50

3

e

10

150°, R/R

) 2=

(b

im

HH] L ]
14 333835 [ H
- H 4
s BRI HBI T U
37 5318357
+ et b
AT ) s
= 7 iitiieigt i
T 58 R e
lllll " e =
= H T 3 SrHEH =
FH HF T 4 ik
HH :
HHEHR : 2
st :
HHH 5
= F i
}
T T .
H X :
H X = 1 TR
b G > s P SHEES I B B ==
: : SEfHEE:
—ytt 1 5 e
= 5
: 2
:
s H
= Rk t
T MRS N1 H H
i il R IR
IS £2553 !
T T 3
HE : it ¥

§ & 8

g § 8 8

bl rades bl

OTIT

8

n < L

8

100
1000 |~
w0 -
800

7

(zw/suom) AOYINI

70 20 110 130 50
SUN ELEVATION — DEOREES

DEGREES

SUN ELEVATION-

(d) ¢,=150°, R/h=1

FIGURE 8

ENERGY INCIDENT ONTO. ONE SIDE OF UNIT AREA (dA)j)

VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

19



1300

1300 I int 138 ﬂ l f fq i iT ¢ o138
T om0 | oo LT - :
1200 yosvapiaats; 3 HHIRIRH A | T
uiliih ' woo HitiiLY i !
oo P IR e
il tooo [LILL aifl it *
1000 as 28 mégﬁ ", i': II 1 ” ~~ o §
il Sy 3
900 ’ 200 EEE T f,r B AR H
- b 1 < 800 b : ﬂ AURIRIY afliE R 88
¢ 800 £ : IR R B HIT
Al N i i s
£ : i
=='roo g7 : i i ! “i
> i * 600 1 : hL] i
g o A RHHE :
% %00 ' B oo f : hee
“ o " ! °E i AR
- + MM .39 00a 1
400 {éx»h‘.;. : B 400E : Nk
300 o “:I - L: \I‘{ Ny 300 |- .‘ ‘§ \\L
Y eee
200F }}. Rqstpien SRS 200 = \ N
: Y St eite. W
T H .“r‘h"l \._.\ 100 Tﬂ : ot T : _\\\
i iR e s o lasadidoi i o o ) Feel R e o
%0 1o 130 150 170 10 30 50 90 W0 130 is0 (70
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES
(a) ¢9=135°, R/h=1000 (b) ¢,=135°, R/h =10
700 s T 1
1100 T T T O L B gaeetlg s it RN
" "liﬂ it il jifiii o 3 pd !
000 fhyit ! LT
- A | 0o
900} -

.:§ =

E

[

ENERGY (watts /m2)

5 8§

Y

%o b1 PR et EOv e ERe] e b i
© 36 S50 7 9% IO
SUN ELEVATION-DEGREES

130

(¢) ¢5=135°, R/h = 2

FIGURE 9.

500

ENERGY (watts/m?)

10 30 50 70 90 no
SUN ELEVATION-DEGREES

(d) ¢,=135°, R/h = 1

ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dA,)

VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

20




ENERGY {watts/m2)

ENERGY (watts/m2)

T H #2 .120
R/g = 1000
1200 Hit

100

1000

900

800

700

200

i
100 1041

10 30 50 70 90 1o 130 150 170
SUN ELEVATION — DEGREES

(a) ¢4=120°, R/h = 1000

$2 -120
il RANs 2

200

700

600

500 [

s

400

300

TTITTTT
1

200 }

» t
a80804 T F 3. ™8
t el i
It ittt pritt it

10 30 50 70 90 o 130 150 170
SUN ELEVATION—DEGREES

(c) ¢q=120°, R/h = 2

1300

e i) %2 =120
R/ge 10

riiy

1200 H

oo

1000

900

800

700

600

500

ENERGY (watts/m?)

400

300

1

200 o

I

100

1
1
)

B3

. .y {:' b

° HiHH HHEE
10 30 50 70 20 1o 130 150

SUN ELEVATION—DEGREES

(b) ¢o=120°, R/h =10

- f,l‘ L

70

700

W"L“ 1t $2 =120

Rigel

ENERGY {(wotts/m2)

-

100

x

I
| abbbs

Lt
%

0 30 50 70 90 o 130 150 170
SUN ELEVATION-DEGREES

(d) ¢,=120°, R/h = 1

FIGURE 10. ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dAj)
VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

21



E i =
8o :
L t3H S
; - H -
Fyl e
.
¥ o
o 3
% S H )
1 *t
3 —44—
Y =
:
o I
oS ErEe e
=
-
:
:
+
:
fz=mas
= -+
R i
S
EEC T EE TR
(=3 o o (=3 Q o
8 8883 28 e
- (gw/suom) ASHINI
e
, TRFATTAT S
SWI.. 3 ot 13881
eQ 2 T ,.
s . - w
&f Bt 8
=|C
=
,v f—
? =,
= Se
= =
= =X
b < ”o
— ~
o
=y

30

1300 '.r

(Zw/s10%) AO¥INI

10

DEGREES

SUN ELEVATION

SUN ELEVATION-DEGREES

(a) ¢, =105°, R/h = 1000

T T L38EREEHS P \ g
g E B :
o : .
$'e ’
ey M
R Mo
me. = f2 5333 2 I
LEE i
12
2
£ 8
E: o
g
o

(Zw/soM) ASHINI

DEGREES

SUN ELEVATION-

DEGREES

SUN ELEVATION

R/h =1

?

105°

¢ 2

(d)

2

R/h

¢y =105°,

(c)

ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dAj,)

VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

FIGURE 11.

22




ENERGY (wotts/mt)

1300
1200 |- ”'T
1100 | N"‘
1000 |- My
=
800 -
-~ T ¥
] 1T
600 e -
: g !
0o :
300 |- :
200 [ 2 i
100 > i
] _ . N I
0 L 208 POSTY PRRTY PROIN FO00 SROTY PREH EE040 HEM N 3 KEXR SR3TY IRRER QA3 2300}, RI23¢
0 0 %0 ® 0 © s M % 50 7 90 O
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES
. _ —
(a) ¢4 =90°, R/h=1000 (b) ¢,=90°, R/h=10

8

ENERGY (watts/m®)

§.§§

30 50 70 90 (L] 130 130 7o © 30 50 70 0 "o
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES

(¢) ¢o=90°,R/h =2 (d) ¢5=90°, RMh=1

FIGURE 12. ENERGY INCIDENT ONTO ONE SIDE OF UNIT AREA (dA,)
VERSUS SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

23




SASVO ASNJAJIA-NON ANV ISNAJId 404
¢yp OLNO INIAAIONI XDUIANT 40 NOSIHVAINOD "€7 FHNOIA

$334930 — NOILVA3T3 NNS
(7R (o]+]] ol (o]] 06 oL 0s ot o]

T+
T
+
g

/'cov +414 t-4 ¢ ++ 11 %4&.. OO—

o N LR - +4+ 14+ - <+

- - s

Ry Sesanas 7
R 002

o V8 81 v + ++ » +deeae fo o]
+ + 44+
NG Segussessnappissnasasiatas A4’ Shee
+ + . + +
™~ I8 SRS et e : y .\m 00¢
M el L JE A0S il MOGYE HE0ES REEEH RS 74
! 1y T 98 T B0 BEOsS RARES B -
\[+ HH+ - s e S OSed SOpOl BRD s
+ + +4 ¢ b Lo r aaaadsl Eodhe Sot ++
VL N R e D e B e B e anant soeas Seatl ) o o b o
SN S IR R B BT o0y
e b + + -1+ 10006 DYV 7 1 bO00E b
-t + ‘es
AN NG 1 + ﬁ o . 1 SONE
T ' T ' 00S
e ! H+ + : g PO
+
29] 13 1244 + . PPSINDE S
+ m «1 o ” G s DY . + Oow
. ' t
+ + 2 ”. 4 PEOES ¢ (00 boo
i DEREE b L ! iyt cofevects M
——t }
+ + N + ’ +y lsseafoctogoeoedsoied
+ ,r».M + 4 ++1 b wJJH 0..0;HH e O R
e + N 4 bt
T ) 004
+ 4 fdd444444+4 4 + I R EE R R EE R S R B
8 n0one pREEINI 333200080604 bontnauune ates POOES SORSS HOOSE DS Sbeen
+1 +++ ISR SRS EY FERE S SERES B ISR 00D PO XXEEE EREET o RRR IR
— -+ H . — 4 HO i + + 008
T aaame Aale sdrebedieded +1 4+ P O Y Y SRR S EE RERYS R R
o b e e ISR YRS ERRRS T lbseddoestdiosadtrsgtdeocsgoceey
+ PN .qﬁT JUNSEIUE PN H..; sebptes s +HLI O N S E X R
444+ H - TR ‘ + . B
spret + - “+ “ .fvﬁlo: w.. ?H “..u :qu PRRES PRETY ERR S Oom
+ 4t + + : v
bete odtrstterert ﬁﬁ.. E +4 H IR RS +H1«... XX ERRE = vH1‘ dboetevactecoet e
PPN DAy (Y :ITYH: 4 - F4i4 44 4 t 444 4 HT PR ey P R ana
bt e tbp b 111444 + -4 P 44+ +4¢ H Phfegtetiees pitt
oo gyt .wwﬁ 44 t1r v H 44 1 w.n . w+,+ 1Sa08 babsa 000!
DOPES SRS RN 4 -+ ++ 44411+ 4+ IH*.ILI#w # THL i#uv + 44+
PUE § TS IR + - -4 Hlo 4 + dhegeded
DO S I t » E ﬁir J LIl s44 344444 4444 M 4etitd e
loeeofopsodoreifss R L . - ILL vM .7 IXSTE R
N 88! 11 A 0011
DSBS e Y EXE L b L4 4444 1 HE Thy rqrm... v ed
JOOTE DS YR . IR E® L4 +4 144 H~+ IR EES S
b oot s fopuny ) M Py * 4 + $4 she gt H asd [P RTY GaRpas
o4 t + + + H 4 ' +44 MY PO IY ST
sbonesiadd SSRLERARNI e ABSIETEARE LIS A oozl
om ﬁ ’W. h H e e as fnA s R ITEER K FY ER RN eded eteed
= " + + +
v T uzasssanas H HH
- +
0001 = Yy «11,. T "~ Nl B ..._. 1t 00¢!

(zw/syom) ASHIN3

24



0 e o O OwrFuse
1T $5°100
N 1000
09
Qs
or
.3 06
g 0s
] Y
w
> 04
o3
a2 H
ol
1T 1
-] 1 T
20 40 60 80 100 120 140 160 180
SUN ELEVATION-DEGREES
(a) ¢,=180°, R/h = 1000
0 O orruse
L $p0100
%2
09 -+
[-1 ] =
or = =
‘ae
:
Xos
» Sam. )
2 0e
03
02 Emec o=
o1
11
° o 20 40 €0 80 100 20 w0 180 180

SUN ELEWATION-OEGREES

(c) ¢o=180*, R/h =2

o O DIFFUSE
TTTT] 1| %0
el R/fs 10

'.v +
Dbt
09
HE tp an o R SRS B
oe e
o7 S RT R
0§ s
£ S S
Q .. oot
Los ——t—
 d RN RN
w MRS (RO
> 04 i
oal i REAESRS
02—t e T T
Y| SIS ERES RERE TERE ERRE RIT :
...... el ﬁE*‘?“uf NSRS Ty
° 20 40 &0 80 100 120 140 160 180
SUN ELEVATION-DEGREES
(b) ¢o=180°, R/h =10
O OIFFUSE
10 ——w
Ryg et
08
08
o7

o
L

VIEW FACTOR
(=]
>

(]
»

03
02
ol —
L 1
o & i =
[+ 20 40 60 80 0o 120 140 160

SUN ELEVATION-DEGREES

(d) ¢,=180°, R/h=1

180

FIGURE 14. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA,) VERSUS
SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

25



0 O DIFFUSE
10p o T s
Rrr. 1000
o9 Mi FI1
> =g
Qs
or gES
§06 .
9 £ ]
“ a3 1
> -
w -
> 04 am
03_ ~ -
o2 FH
o1 | - H
o +F 1 1T 4HF 1T H
o -] 40 60 80 00 120 0 160 180
SUN ELEVATION-DEGREES
(a) ¢2=165°, R/h = 1000
O DIFFUSE
T T e
bbbt e
st R nnIininRE R
L‘I{ 1 2 ERIENTRINEEE SR SES PP
o8 MR T T T S B
L - i. e b f et c B .41.
- TR T ISR B ey  SURERY
06 e j:;‘:‘.,,::: LiLpTLiTN
PR R b e E 33 EERE B2
205 St T R T el
w T — 0 SR EDED N SR S
2 HEEEEEEE rp e e PR
s it o e i B M Pt 1o o
s HE A i b T o LN
o3 A S e b L R R
T S T R R R
S s RiRinans St -G ===l SRS
oz ESEsEE: EEESTREREES REE
t TP TR SR SR
Wl e
Sae H1 e
o Sel EgSw Hiii -
(] 2 40 &0 80 100 120 40 ] 180

SUN ELEVATION-DEGREES

(c) ¢,=165°, R/h=2

-] O DIFFUSE
10,

117 ]

2

11 11
] 20 40 o0 90 100 120 “o 80 180

SUN ELEVATION-DEOREES

(b) ¢,=165°, R/h =10

i
R e

L

or H 2N = HH

§°'H- == 1

3 as :

= :
1
- 1
a2 T
ol EE =
1 - - ]

o TTEE

] 20 40 0 [ 0o 120 40 80 0o
SUM ELEVATION-DEGREES

(dy ¢,=165°, R/h=1

FIGURE 15. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA;) VERSUS

26

SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,



o O DIFFUSE

1.0 [ O DIFFUSE
THE TEHIERT ] feze TR TN TR ] B
o - (14T 4 L _1! Ry, +1000 SRR R M~tad I I : { }: R0
091~ . =TT T 09 L ' . T
FEiTTRdd {1t VSRR R R AR anns i
i i ol G 0 A S PO 4 ' a
SRESEEE=ISURSEEE . UE: N e
ot R e TR T T TN
T 1540 JEpa + N H M N . N + e R R IR
or sSREISSESE o,jﬁ“v“”*{-«;’? BERESEEERr S RARRRER!
HEH b o e Ed e
4 T ,it .,; ,4: %’I_Z L‘“_,“_ __‘;44.; 4_' {4
sos H goer T o N D
(4 hs PN ;J,<L> 44 444 4+
] - g PRGN E 11 i*\&i'
gos w08 v‘\ T 1 - - -
» 3 [ B T FHitt:
¢ — w IR RRRA R D & cemmus - pul
> 041 S04 = i-lr: i [ H-+1H —
}A H i " L £ s .::
cobrnb e e e N
o3 ~ o3 PERTR PR N i - i 0 A O DD
g L e e
- B FERUDES B L.t -1+ +4 1 o D ..
02 02|+ —3 + IEESEESE
IISN EREERSES RS TR
ot S Ee S . HH e
B SSSENSELE ST
/] T 111 o bttt =

o 20 e L 80 00 120 140 160 180 [+] 20 40 60 80 100 120 140 160 180
SUN ELEVATION-DEGREES SUN ELEVATION-DEGREES

(a) ¢ =150°, R/h = 1000 (b) ¢4 =150°, R/R =10

i
+
T
}
++
4

VIEW FACTORN
&
VIEW FACTOR
! o
w»
*
sad ey
N

—t e

J
Q
»
I
B
I
—rt s+ 11
+—
|
1
SATTRUNN SN 105 IO (e

o

o
o
[r]

I

{

3

Il

Bk

O DIFFUSE o O DIFFUSE
10 . - T e
1 3 SRREs=Es fil #1950 SR ERE ERRE! ‘§§ §l #1350 |
T Trrreret suees it i o2 il 11 " BRI
09 T B e s e
- Hidet £ ,*L ”.‘~‘[- SRR RS EREE RS R
=== =+ ,i_ el bt EEEE1 ERRSRERT ESTUREE
' 33 H B SERRREEESARN B SRR EERR B
-1 - g 153531 IR RR R R RN RRRU RRS:
o7 B o7t S E SR EEREERE) EERE ERRE ERE
T _ﬁ AR R SRR RREE KRR N
os s T AT I T I T T 2
1Tttt RS IR
T ESESEREan s TS SRS
3 5 = T I
g
33 -
S48!

)
i .
I

! B }
INNEANE 1S
;

(R

T
i

11 14 P

Hl
18 IEAESAREE! B

B 9 G Wy Wy A 153 ¥

Tt
111
-y T3 N
9 1 b T T H”“—Ug b
0 -+ ° . .é . 44 34 . e .
O 20 40 €0 80 100 120 MO 160 180 0O 20 40 60 60 100 120 (40 160 180
SUN ELEWATION -DEGREES SUN ELEVATION-DEGREES

(¢) ¢,=150°, R/h =2 (d) ¢,=150°, R/h=1

111

8 10501
1

FIGURE 16. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA,;) VERSUS
SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

27



O DIFFUSE

T e - 8
o EyseasI pessyent o
2 ¥z PORE SRR Mieh dadgn. ghs! $
o B vams uauas|
o — (P jeesdisgianpansing
: Il ° pERs SEEsiEsaninn g
Lz o S
88 CTHET
g m Eopas KENR1 SARETH H]
g2 o R :
g: i » ot ba 3
¢ . 5
4 s [[e] -
ga _ gs
R i . ﬂ
e o
1l [~
83 z

4 &

(b) ¢2

N

:0 7v’
113

1

20

4
.!I.fr0+4. +
+ oy + !
- B o o - ~ ........ IO °
o ) © ~ 0 © - " o~ - o °
- o (=] -} o o (=] -} o 4

o
HOLOVA MIA

160

Ry ® 1000

O DIFFUSE

$, +133

!
|

-y
L {
180

140

130 60 180

B Tz o=

T

o O oweuse

20

r3al

120

R/h = 1000
|oo‘

[ 14

SUN ELEWATION-DEGREES

135°,

SUN ELEVATION-DEGREES

€60 80 100
60

N DR RS SRR RRE
HBSR SN B
40

I
““ o . e Y .
mL I SESEEEY | BY EA SIS S0 L5
g 2
g = SEHESER X HETHEPAR AR e
) ARG
o * © ”~ o 0 - n o - °
‘o p=d [=] (-] o (=] o o o (-] o o
° YOLOVZ MA

HOLOVd MIIA

R/h=1

135°,

(d) ¢2

R/h =2

¢4 =135°,

(c)

FIGURE 17. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA;) VERSUS
SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

28



O DIFFUSE

[K+) T = - T 1?
H :{,__‘ T I 1] 2 . 120
P11 = b I 1 wnie1000
0.9 : - i -
i
08 ]
T
o7 |
e b
06
g +*
=4
Q
g os H
e
S 04
03
-
0.2
ot
-HH i
° 1T L1 11T 11T i
(4] 20 40 60 o0 100 120 140 160
SUN ELEVATION - DEGREES
o -
(a) ¢,=120°, R/h =1000
10 . Q DIFFusE
1 ] #2.120
] w2
0.9 IT
+— T
11
o8 o = 3=
11
[vR4
« 0.6 Ht+
g
= 05
H
H X}
0.3
02 1
ol
1
[+] . - ? -
[+] 20 40 80 80 100 120 140 160 180

SUN ELEVATION —~DEGREES

(¢) ¢9=120°, R/h=2

VIEW FACTOR

VIEW FACTOR

1.0 x . ‘n . O‘ourruss
S E RN SRS B 2 =120
. . e . v .o R/ig s 10
o9 Lt T RPE e RREE Bk
RS ERRREEEE EU A b N,,,.%;LLL':EL
MR SRR IO IR I P R hell fian o N
08 R 2 IR B ER R R R = T
N : JARR RSN S RS
or L sdg it bbb e 1 i
[R SRS Ep S o < ]-- PR ISR RS
S ERR SRR ER R Ras s me S RESE SRR SR SRS
06 Pt S TS
AN SRES Srae S Earg il el SRS e
o8 Fiagdd T <L'“"LU* e
PP g S e (515 o 0 SOGRAMS HY PR R0 0 . Py o
PPN R éH* SEEESERBEES
LSS S . il gt bs
Of o T —rg pugaage
R e - R IR A A W -
os R FE I —W{E - 11
PR AR S P EHEITERE
oz LA T 3R v e o1
N Va1 i 91 41T T 117
PRFSDE SRS 4t t=-% 33 .o
tre I PO G B 0 N SO N —1-F
on P TELEH 1311 B3l
e b e T [SisESEI SR
° LR + 1 j f- - — .—I-»— e
o 20 40 - 60 80 100 120 1490 160 180
SUN ELEVATION-DEGREES
o _
(b) ¢,=120°, R/h =10
© DiFFusE
0 #2120
{1 rsa
09
oe
0.7
o.e
os 5 -
o4
a3
02
ol =
+ T IA
[Rua=== =
4] 20 L [+ o] 100 120 140 160 180

SUN ELEVATION —DEGREES

(d) ¢, =120°, R/h=1

FIGURE 18. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA,) VERSUS
SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,

29



‘o ° O DIFFUSE
R B R S ] #eaies
ool L5 e I Bl Liif ™ewoo
B R E R R RN R R kR
SRR EREd & SESERSSEESAREE
et it B
SR Ity Exzsans -0z 22 SIS I
MDY SR B PR S R U UR OB AN 0 ! “ﬁi—.. ~ . - -
R i ?::;gii T RTIE
osli- R LR et P
NERERE EREREZEEZ I RRRISEREERE:
g 5:‘: : i :1:“‘:{1' g TITT T
TR EER ENNEE Sa e S SEREETE
: R +Ft = T + J—i
AT - tDna o
x 041 T 0 T
‘; e O ,-'iilv t"ﬂ“'; FiTe fﬁ.,t., B
BREGE il o e e
5 1T 1114
2] pevenen oo - TSI DO O ey
sells U iF e rH T 11
PR y s L R SE S P
02— DL P 50 5 5 O O O -
R SRR SRS & SR IS
R RSN AREE Ry p BEBmE SBIN
Ol =1 MR 0 I SR o 4 0 0 0 1 O A A AP
e e e
St e e T T e
[\) 20 40 140 160 180

60 80 100 120
SUN ELEVATION— DEGREES

(a) ¢q=105°, R/h = 1000

O OIFFuse
wf". I t1] é2.108
SaR gtsdne T 1 M.z
09 4 T T
o H
9 t- - +—4
0-3‘? e H
t
o7
ae
[ 4
£
&os
o
S 04
03
02
o4 + -
o b1 1 -
o 20 40 60 [ 100 120 140 180 180

SUN ELEVATION — DEGREES

(¢) ¢4=105°, R/h =2

10 g O DIFFUSE
= T T i $2-108 °
1T ) | R 10
09
as
o7
s
Sos
§ .
)
&
5
%}
02
o +
H tis
% 20 4 60 80 |cl>o 120 140 motnso
SUN ELEVATION - DEGREES
(b) ¢9=105°, R/h =10
10 © DIFUsE
':::?i}.}ﬂ LY $2.108
i t‘,.f_*f‘%f ol
09 = T 1 T
i EEE DR
08 -+ e
i,tl P+ 44 -
o1 =z -
EE!
% 06—
3 .
105'_._.':’ .
H 5
> os
03
0.2
o4 X
% T2 % 40 WO 180

60 90 100 120
SUN ELEVATION - DEGREES

(d) ¢,=105°, R/h=1

FIGURE 19. NORMALIZED ENERGY (VIEW FACTOR) FOR RADIATION
BETWEEN LUNAR SURFACE AND ONE SIDE OF UNIT AREA (dA,;) VERSUS
SUN ELEVATION ANGLE FOR VARIOUS ORIENTATIONS OF dA,
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